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(\ij)ilhtr\ Priming SvMctn.s 



INTRODUCTION 

1 0 Field of the Invention 

The invention is in the field of capillary printing systems and their fabrication. 

Background 

The accurate dispensing and deposition on a substrate of small volumes of liquid has 

15 been effected with a variety of printing instruments including micropipettes and injectors 

(see, e.g. US Pat Nos. 4,815,325; 5,601,980; 5/747.102). ink-jet printers (see, e.g. US Pat No. 
5,338,688), and fountain-pen type contact-deposition capillaries (see. e.g. WO95/35505 and 
US Pat No. 5,770,151). In addition, a number of multiport liquid transfer and delivery 
apparatuses are commercially available (e.g. MICROLAB® DNA Workstation by Hamilton 

20 Co., Reno NV; HYDRA Microdispenser by Robbins Scientific. Sunnyvale CA; Microarray 
Printing System by Genometrix, The Woodlands. TX). While some of these instruments 
have been used to print ordered analytical or probe arrays, they offer various relative 
advantages and disadvantages, including differing print resolution, speed, cross- 
contamination control, probe tolerances, etc. For example, the cartridges utilized in ink-jet 

25 printers dispense a controlled volume of liquid by use of a pressure wave created wilhm the 
cartridge and which results from a sharp temperature increase to the ink thai can damage or 
sheer a molecularly fragile probe. Existing pipettors and contact deposition capillaries are 
better suited to printing fragile probes but require washings between different probe loadings 
and offer limited print resolution. The present invention provides improved printing systems 

30 particularly suited for printing high-density analytical arrays. 




SUMMARY OF THE INVENTION 
The invention provides printing systems and methods for depositing small volumes o! 
liquid on solid substrates. These systems and methods are useful with a wide variety oi 



liquids and substrates and offer a wide variety of applications, including die depo^:;u>;-. . W 
arrays of analvtes. such as chemical and biochemical library array.v 

hi one embodiment, the invention provides a printing system comprising a pod. a 
detachable printing device, a substrate, a positioner and a preservation device, wherein a) tiu 
5 pod comprises a receptacle for rcvcrsibly attaching an attachment portion of the printing 
device; (b) the printing device comprises a reservoir containing a liquid comprising a 
predetermined agent and in fluid connection with the reservoir, a capillary comprising an 
axial bore having proximal and distal openings to ambient pressure and a printing tip 
comprising the distal opening and which prints the agent on the substrate; (c) the positioner 

10 moves the pod relative to the substrate; and (d) the preservation device is within, containing 
or in contact with the printing device and preserves the capability of the printing device to 
print the agent on the substrate over long-term storage. Generally, the preservation device 
provides a deterrent to evaporation of the liquid, such as a hermetic barrier, a refrigerator, a 
humidifier, a hygroscopic agent, etc. The system may also comprise a detachable ganged 

15 plurality of such printing devices. 

In another embodiment, the invention provides a printing system comprising a pod, a 
detachable ganged plurality of printing devices, a substrate and a positioner, wherein (a) the 
pod comprises a receptacle for reversibly attaching an attachment portion of the printing 
devices; (b) each of the printing devices comprises a reservoir containing a unique agent and 

20 in fluid connection with the reservoir, a capillary comprising an axial bore having proximal 
and distal openings to ambient pressure and a printing tip comprising the distal opening and 
which prints the agent on the substrate; and (c ) the positioner moves the pod relative to the 
substrate. 

In another embodiment, the invention provides a printing system comprising a wire 
25 bonding capillary containing a predetermined agent and comprising an axial bore having 
proximal and distal openings to ambient pressure and a printing tip comprising the distal 
opening and which prints the agent. And in a more particular embodiment, the invention 
provides a printing system comprising a ganged plurality of wire bonding capillaries, each 
containing a different agent and comprising an axial bore having proximal and distal 
30 openings to ambient pressure and a printing tip comprising the distal opening and which 
prints the agent. 
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A wide variety of more particular embodiment^ oi these s\ mciiis are di.sclov,\; | oi 
example, in one sueh embodiment, the capillary bore lapcr.s toward the distal opcmiu; >i tlu 
tip; m another, the system further comprises a motion resistor opcraiivclv jometl to in. 
capillary and providing an mcomplete resistance to motion ol the capillary along n> 
5 longitudinal axis, wherein the resistance may he provided hy springs, an elastomenc 

membrane, the weight of the capillary, etc.; in another, the printing device is of one-piece 
construction; in another, the system further comprises a register comprising a guide which 
contacts a registration portion of the printing device, distal to the attachment portion, and 
moves the tip relative to the substrate; etc. 
10 The invention provides methods of making, using and storing the subject systems 

including methods for printing liquids comprising agents or analytcs on substrates with the 
printing systems, particularly printing methods which comprise the step of decelerating the 
capillary to move the liquid through the bore, out the tip and onto the substrate, which 
method may be effected, for example, by tapping the tip onto the substrate. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a schematic of a printing head providing a ganged plurality of printing devices. 
Fig. 2 shows a schematic of a spring block motion resistor, a printing head and a registration 
plate. 

20 Fig. 3 shows a schematic of a single printing device in the context of spring block motion 
resistor, printing head and registration plate portions. 

Fig. 4 shows a schematic of a plurality of printing devices in the context of block motion 
resistor, elastomeric sheet and printing head portions. 

Fig. 5 shows a schematic of a single printing device in the context of foam plug spring block 
25 motion resistor and printing head portions. 

Fig. 6 shows a schematic of an inserted capillary printing device and a machined in printing 
device in the context of plunger-bearing spring block motion resistor and printing head 
portions. 

Fig. 7 shows a schematic of a priming head portion having compressable channel walls. 
30 Fig. 8 shows a schematic of a single-piece construction low density mulh-chanel printing 
head. 




Fig. 9 shows a schematic ol a single-piece construction high density nuiiii-chanei :\'inunL: 
head. 

Fig. 10 shows schematic of a registration plate and a printing head comprising a !"iopp\ door 
preservation device. 

5 Fig. 1 1 shows schematic of a registration plate housing a printing head comprising a floppy 
door preservation device with the door opened. 

Fig. 12 shows a schematic of an open jewel box type preservation device housing a printing 
head. 

Fig. 13 shows a schematic of a closed caddy box type preservation device housing a printing 
10 head. 

Fig. 14 shows a schematic of an open caddy box type preservation device housing a printing 
head. 

Fig. 15 shows a schematic of a spring block and an open pop-out box type preservation 
device housing a printing head. 
15 Fig. 16 shows a schematic of a spring block depressing the printing head of an open pop-out 
box type preservation device. 

Fig. 17 shows a schematic of a open, passive loading, vaccum evacuation printing tip system. 
Fig. 18 shows a schematic of a valve-actuated, passive loading, vaccum evacuation, presure 
purging printing tip system. 
20 Fig. 19 shows a schematic of a valve-actuated, active loading, vaccum evacuation, presure 
purging printing tip system. 

Fig. 20 shows a schematic of a gravity or pressure loading, active purging printing tip system. 
Fig. 21 shows a schematic of a high-throughput a printing system. 

25 DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS OF THE INVENTION 
The following descriptions of particular embodiments and examples are offered by 
way of illustration and not by way of limitation. 

In a first aspect, the invention provides a printing system comprising a pod, a 
detachable printing device, a substrate, a positioner and a preservation device, wherein (a) the 
30 pod comprises a receptacle for reversibly attaching an attachment portion of the printing 
device; (b) the printing device comprises a reservoir containing a liquid comprising a 
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predetermined agent and in fluid connection w nh die re -cr voir. ;i capillary compri r 
axial bore Iki\ proximal and distal openings to ambient pressure atul a printing up 
comprising the distal opening and which prims the agent on ine substrate; (ci the po>n. :kt 
moves the pod relative to the substrate; and id} the preservation deviee is within, coma. .".nig 
5 or in contaet wall l ho priming deviee and preserves the capability ol the printing deviee \> 
print the agent on the substrate over long-term storage. This system is specilieally adar.ed 
for long-term storage of the printing deviee and is amenable to a wide variety of suitable 
pods, detachable printing devices, substrates, positioners, preservation devices, applications 
and more particular embodiments. 

10 Suitable pods include any structural member that transfers the positioning of the 

positioner to the printing device through a receptacle for reversibly attaching an attachment 
portion of the printing device. For example, the pod may simply be the terminus of a 
mechanical arm of the positioner with an engaging recess for receiving the proximal (distal 
from the tip) end of a capillary printing device. 

15 Suitable printing devices include any structural member which combines by fluid 

connection the requisite reservoir and capillary. For example, the printing device may simply 
be a capillary comprising a liquid-filled bore having a proximate reservoir portion and 
terminating at a distal portion comprising the printing tip. Alternatively, the reservoir may 
comprise a more voluminous non-capillary liquid filled chamber having a relatively larger 

20 internal diameter in fluid connection with a capillary comprising the printing tip. The 

reservoir portion of the printing device is adapted to contain and contains a liquid comprising 
a predetermined agent. The device may be made of any convenient and compatible material. 
For example, suitable capillary fabrication material ceramic, silicons, glasses, ete. The 
printing device is adapted or adaptable to contain, store and/or print a wide variety of liquids. 

25 including aqueous liquids, liquids comprising organic polar solvents such as alcohols. 
DMSO, acetonitrilc, etc., nonpolar solvents such benzene, chloroform, etc. 

Suitable substrates include any material providing a suitable printing surface, and 
include sheets of glasses, ceramics, plastics, metals, silicons, acetate, cellulose (paper), etc. 
The substrate may provide a homogeneous surface or a surface offering differential surface 

30 chemistry, topography, etc. For example, the surface may offer predetermined printing sites 
adapted to receiving, binding, reacting, containing and/or retaining the printing fluid. 



Suitable positioners include anv device which provides die reuui>ne positiomr. j -i 
printing device to effect die desired printing sites on the substrate. Frequently, the :v^. ..;nier 
will provide a first positioning within the two-dimensional plane of the substrate .surfa,r and 
a second positioning perpendicular to the surface to effect contact printing on the surf.;:-. 
5 The positioner is generally electomechanically operated by a computer controlled roboo 

Generally, the preservation device of these systems provides a deterrent to evaporation 
of the liquid, such that printing can be interrupted for extended periods, such as days, 
preferably weeks, more preferably months and even years, and then resumed without 
reloading the printing device. In various embodiments, the systems suffer less than a 50%. 
10 preferably less than a 20%, more preferably less than a 5% degradation in printing capacity 
over the storage period, as measured by subsequent error or misprint frequency, fluid loss, 
etc., as compared with an otherwise comparable but uninterrupted system. A wide variety of 
suitable preservation devices may be used. In one example, the device comprises a hermetic 
barrier, such as a seal on the printing device or a container capable of receiving and housing 
15 the printing device, which provides a system that is relatively, preferably substantially, more 
preferably fully closed to the printing solvent liquid and vapor. These barrier or containment 
devices may also provide a solvent vapor distributor, such as an absorbent sponge wetted 
with the solvent of the printing fluid, within the closed system to further minimize 
evaporation. In another example, the device comprises a refrigerator to cool or preferably 
20 freeze the liquid in the capillary of the printing device. In yet another example, the device 

comprises a hygroscopic agent which is incorporated in the liquid in the capillary and reduces 
the volatility of the liquid. For example, where the solvent of the liquid is water, suitable 
agents include glycerol (e.g. 5 - 95%), salts, etc. 

The printing system is adaptable to virtually any application of small volume, high 
25 resolution liquid printing. For example, a wide variety of chemical and biochemical libraries 
may be deposited, including libraries derived from random or directed synthetic schemes, 
natural products including genetic material, etc\ A particular application is the deposition of 
high density arrays of biochemical reagents or analytes such as polypeptides and 
polynucleotides (polymers of amino acids and nucleotides, preferably at least 5, more 
30 preferably at least 15, more preferably at least 50, more preferably at least 150 monomer units 
in length), e.g. for effecting solid phase, preferably high throughput solid phase immuno 
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assays and hybridization assay.v 

More particular embodiments of this system include sy.siem> v. herein the cimK ■ -ions 
and composition of the printing deyice capillary bore interact with the :luid contained -.acre in 
to maintain the fluid proximate to the distal onetime of the capillar) tip. For examine. :rie 
5 capillary bore may be tapered, preferably conically tapered toward the distal opening die 
tip. 

In another more particular embodiment, the system further comprises a motion 
resistor operatively joined to the capillary and providing an incomplete resistance to motion 
of the capillary along its longitudinal axis, wherein the resistance may be provided by springs. 

10 an elastomeric membrane, the weight of the capillary, etc. Such a motion resistor is 
especially important to facilitate contact printing on relatively planar or flat surfaces, 
especially wherein the system comprises a plurality of printing devices which print in concert, 
wherein the resistor(s) permit simultaneous contact of the printing devices on the surface. 
In another more particular embodiment, the printing device is of one-piece 

15 construction and/or comprises a wire bonding capillary, described below. The system may 
also comprise a detachable ganged plurality of printing devices. 

In another more particular embodiment, the system further comprises a register 
comprising a guide which contacts a registration portion of the printing device, distal to the 
attachment portion, and moves the tip relative to the substrate; etc. A wide variety of 

20 registers are provided. A printing system comprising a register may further comprise first and 
second detachable printing capillaries comprising respective first and second probes, a pod 
comprising a receptacle for attaching one of the capillaries, a substrate upon which the 
capillaries deposit the probes, whereupon detachment of the first capillary and attachment of 
the second capillary after deposition of a first portion of a high density probe array by the first 

25 capillary on the substrate, the register is capable of positioning the second capillary at a 

sufficiently similar position relative to the substrate to permit deposition of a second portion 
of the array by the second capillary on the substrate. In this system, the capillaries and probes 
may be different or the same. 

In a second aspect, the invention provides a printing system comprising a pod. a 

30 detachable ganged plurality of printing devices, a substrate and a positioner, wherein ta) the 
pod comprises a receptacle for reversibly attaching an attachment portion of the printing 
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devices: (b) each oi the priming devices comprises a rcscrvou ■ containing a uiikjlk- ..^c.".; a i u ; 
in fluid connection Willi die reservoir, a capillarv comprising an axial bore having :*:"o\:i"nal 
and distal openings to ambient pressure and a printing up comprising the distal opemr. : j and 
which prints the agent on the substrate; and <c) the positioner moves the pod relauv e u the 
5 substrate. This system provides a wide variety of ways of ganging a plurality of printing 
devices. In one embodiment, the detachable ganged plurality comprises a block having 
receptacles or holes for and which laterally constrain each of the printing devices. 
Alternatively, a rigid or elastomeric band or clamp may be used to gang together the punting 
devices. In a preferred embodiment, these systems provide analyte-specific dedicated 
10 printing devices. 

In another embodiment of this aspect of the invention, a one-piece block fabricated 
from a single material element provides the detachable ganged plurality, increasing the 
precision, accuracy, repeatability, reliability, speed and permitted densities of spot deposition. 
Because it is made from a single material element this device is also easier and less expensive 
15 to construct and maintain. A wide variety of standard microlithography, micromachining 
and/or microfabrication methods known to those in the art may be used to construct these 
devices including injection molding, embossing, etching methods such as deep reaction ionic 
etching (DRDE), electric discharge machining (EDM), deposition, computer numerical control 
(CNC) milling, etc. Accordingly, the devices may be manufactured from a wide variety of 
20 materials depending on the selected manufacturing method, including plastics such as 
polycarbonate, polystyrene, polypropylene and PMMA; glasses and/or ceramics; 
semiconductor material such as silicon; and metals such as stainless steel. The devices may- 
be constructed in a variety formats in terms of nozzle density, head size, reservoir size. etc. 
Print precision and accuracy are provided by precision engineering specifications including: 
25 nozzle surface (e.g. flatness) variation of less than 10, preferably less than 5, more preferably 
less than 2, more preferably less than 1 urn across all the nozzle tips of a head and internozzle 
print volume and distance (center-to-center) variation of less than about 4, preferably less 
than about 2, more preferably less than 1, more preferably less than 0.5%. The nozzles may 
be spaced to provide direct loading from standard microtiter sample plates (e.g. 9 mm center- 
30 to-center) or at higher densities wherein the reservoirs may be loaded with conventional 

microvoiume liquid handling devices. In a particular embodiment, the nozzles are spaced to 
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correspond with the desired array density, avoiding die need lor olivet priming. 

In a third aspect, die invcniion provides a priming syslein comprising a wire oo:-..:mg 
capdlar\' containing a predetermined agent and comprising an axiai bore having prpxm.J and 
distal openings to ambient pressure and a printing tip comprising the distal opening am. 
5 which prints the agent. Wire bonding capillaries are adapted from semiconductor 

manufacturing. where a wire bonding process is used to electrically connect metal bond pads 
formed on a semiconductor die to the Icadfingers of a leadframe. In this process, a bom: wire 
is threaded through a wire bonding capillary and the end of the wire protruding through the 
capillary tip is heated to a molten ball. The molten ball is then mechanically pressed by the 

10 bonding capillary against the heated bond pad to alloy the metallic elements of the w ire and 
bond pad. The capillary is then moved to a bonding site on the designated leadfinger where 
the wire is pressed against the heated leadfinger to bond the wire, then tensioned and sheared. 
Wire bonding capillaries are well known in the semiconductor manufacturing art, are the 
subject of numerous publications and patents (see e.g. US Pat Nos. 3,894,671; 4,877,173; 

15 5,082,154; 5,558,270; 5,662,261) and are commercially available from a number of sources 
(e.g. Micro-Swiss of Kulicke & Soffa Industries, Inc., Willow Grove PA; Gaiser Tool,. 
Company, Ventura, CA; Small Precision Tools, Petaluma, CA, etc.) 

hi a more particular embodiment, the invention provides a printing system comprising 
a ganged plurality of wire bonding capillaries, each containing a different agent and 

20 comprising an axial bore having proximal and distal openings to ambient pressure and a 
printing tip comprising the distal opening and which prints the agent. 

The invention provides methods of making, using and storing the subject systems 
including methods for printing liquids comprising agents or analytes on substrates with the 
printing systems, particularly printing methods which comprise the step of decelerating the 

25 capillary to move the liquid through the bore, out the tip and onto the substrate, which 
method may be effected, for example, by contact printing, e.g. tapping the tip onto the 
substrate. A wide variety of methods may be used for loading and/or unloading the printing 
devices, including passive capillary loading and unloading from the printing tip, vacuum- 
assisted unloading, active pressure purging, etc. Uninterrupted mult-head printing systems 

30 comprising 25 20x20 (400 nozzle) heads provide for offset printing 10.000 spot arrays on 
chip substrates at rates of at least 0.2 chips/sec, preferably 1 chip/ sec, more preferably at 
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least r> chips/sec. 

EXAMPLES 

Referring to Fig. 1. a plurality of priming devices 1 1 are shown housed in receptacle- 
5 of a gang 12 comprising tabs 13 for attaching to a pod (not shown ) of a printing sysien-. 

Referring to Fig. 2, a plurality of printing devices 1 1 are shown housed in receptacles 
of a gang print head 12 comprising tabs 13. Above the print head 12 is a spring block 21 
retaining a plurality of vertical actuators 22. Below the print head 12 is a registration piate 23 
comprising a plurality of registration apertures 24. 

10 Referring to Fig. 3, a printing device 11 is shown housed in a receptacle of a portion 

of a print head 12. Above the portion of the print head 12 is a portion of a spring block 21 is 
shown retaining a vertical actuators 22 comprising a spring 31. a spring shaft 32 comprising a 
vent 33. Below the portion of the print head 12 is a portion of the registration plate 23 
comprising a registration aperture 24. 

15 Referring to Fig. 4, a plurality of printing devices 11 are shown housed in receptacles 

of a portion of a print head 12. Above the portion of the print head 12 is a spring and vent 
cavity block 41 and between the block 41 and the print head 12 is a punch vented latex spring 
sheet, 42. 

Referring to Fig. 5, a printing device 11 is shown housed in a receptacle of a portion 
20 of a print head 12. Above the portion of the print head 12 is a portion of a spring and vent 
cavity block 41 is shown retaining a quick-recovery open cell foam spring/vent combination 
51. 

Referring to Fig. 6, an inserted capillary printing device 61 and a machined in printing 
device 62 are shown housed and formed, respectively, in receptacles of a portion of a print 
25 head 12. Above the portion of the print head 12 is a spring block 63. The spring block 63 
contains spring-loaded plungers 64, each comprising a spring 65, a flange 66 and a shaft 67. 
and positioned above the printing devices 61 and 62. 

Referring to Fig. 7, a plurality of machined in printing devices 62 are shown formed in 
receptacles of a portion of a print head 12. wherin the capillary portion 71 of the devices 62 
30 have compressible channel walls 72. 

Referring to Fig. 8. a single-piece construction low density (e.g. 64 tips/cm") mulii- 
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chanci printing head HI is shown in cross-section. The head SI comprises injection molded 
reservoirs S2 in fluid connection with die capillars bores S3 of molded printing tips S4 

Referring to bin. °. a single-piece construction high density (e.g. -400 ups/cnr i :nuln 
chanci priniiniz head 91 is shown in cross-section. The head 91 comprises etched rcsc: \on s 
5 92 in fluid connection wuh the capillary bores 93 of etched printing tips 94. 

Referring to Fig. 10, a print head 12 with an operatively affixed closed {'loppy door 
preservation device 101 is shown in approach toward a registration plate 102 comprising a 
plurality of printing tip registration apertures 103. 

Refenng to Fig. 1 1, a print head 12 with an operatively affixed open floppy door 
10 preservation device 101 is shown in contact with a registration plate 102 comprising a 

plurality of printing tip registration apertures 103, wherein the open floppy door preservation 
device 101 is shown in a slide open orientation. In an alternative embodiment, the open 
floppy door preservation device 101 may be swung open. 

Referring to Fig. 12, an open jewel box type preservation device 121 containing a 
15 saturated foam pad 122 is shown housing a print head 12. 

Referring to Fig. 13, a closed caddy box type preservation device 131 containing a 
saturated foam pad 122 is shown housing a print head 12. 

Referring to Fig. 14, an open caddy box type preservation device 131 containing a 
saturated foam pad 122 is shown housing a print head 12. 
20 Referring to Fig. 15, a pop-out box type preservation device 151 containing a. 

saturated foam pad is 122 shown in open position housing a print head 12. Above and 
approaching the print head 12 is shown a spring block 152. 

Referring to Fig. 16, a pop-out box type preservation device 151 containing a 
saturated foam pad is 122 shown in open position housing a print head 12. Above and 
25 depressing the print head 12 is shown a spring block 152. 

Referring to Fig. 17, a printing device 11 comprising a vent hole 171 is shown housed 
in a linear bearing receptacle of a portion of a print head 12. Below the portion of the print 
head 12 is a portion of a vacuum plate 172 comprising a vacuum aperture 173. 

Referring to Fig. 18, a printing device 11 is shown housed in a linear bearing 
30 receptacle of a portion of a print head 12. Below the portion of the print head 12 is a portion 
of a vacuum plate 172 comprising a vacuum aperture 173. In fluid connection with the 
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pnmine device II through lubing 1SI is a valve three-way valve IN2 ahcrnat i\ ciy connecting 
the device to atmospheric pressure, closure or pressurized nitrogen. 

Referring to Fig. 19, a priming device 1 I is shown housed in a linear bearing 
receptacle of a portion of a print head 12. Below the portion of the prim head 12 i> a portion 
5 of a vacuum plate 172 comprising a vacuum aperture 173. In fluid connection with the 

printing device 11 through tubing 181 is are four two-way valves 191 parallel, alternatively 
connecting the device to closure or respectively, pressurized nitrogen, water, atmospheric 
pressure and vacuum. 

Referring to Fig. 20, a printing device 11 is shown in fluid connection through tubing 

10 181 with a sample reservoir 201. 

Referring to Fig. 21, a printing system 210 comprising a multihead printing assembly 
211 rotatably attached to a multichip turntable 212. The assemby 211 comprises a plurality 
of single-piece construction high density (400 tips/cm 2 ) multi-chanel detachable printing 
heads 91 joined to the assembly 211 through actuators 213 which provide positioning stages 

15 214 and L-brackets 215 for attaching the print heads 91. The turntable 212 provides chip 

recepticles 216 which position the chips 216 which provide a printing substrate. In operation, 
the actuators 213 simulateously stamp their respective printing heads 91 on the corresponding 
chips 216. Thereafter, the turntable 212 rotates one chip position and the necessary printing 
offset is effected by turntable 212 rotation, acutator 213 positioning, or both. As the printing 

20 on a given chip 216 is completed (e.g. a complete array is deposited), the chip 216 is removed 
from the turntable 212 and replaced with a new chip 216, thereby providing uninterrupted 
printing. 

All publications and patent applications cited in this specification are herein 
25 incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. Although the 
foregoing invention has been described in some detail by way of illustration and example for 
purposes of clarity of understanding, it will be readily apparent to those of ordinary skill in 
the art in light of the teachings of this invention that certain changes and modifications may 
30 be made thereto without departing from the spirit or scope of the appended claims. 
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WHAT IS CLAIMED IS: 

] . A printing system comprising a pod. a detachable printing device, a sub.straic. 

positioner and a preservation device, wherein: 

the pod comprises a receptacle for reversibiy attaching an attachment portion wi die 

5 printing device: 

the printing device comprises a reservoir containing a liquid comprising a 
predetermined agent and in fluid connection with the reservoir, a capillary comprising an 
axial bore having proximal and distal openings to ambient pressure and a printing tip 
comprising the distal opening and which prints the agent on the substrate; 
10 the positioner moves the pod relative to the substrate; and 

the preservation device is within, containing or in contact with the printing device and 
preserves the capability of the printing device to print the agent on the substrate over long- 
term storage. 

15 2. The printing system of claim 1 , wherein the bore tapers toward the distal opening of 
the tip. 

3. The printing system of claim 1 further comprising a motion resistor opcratively joined 
to the capillary and providing an incomplete resistance to motion of the capillary along its 

20 longitudinal axis, wherein the resistor is selected from a plurality of springs, an elastomeric 
membrane and the weight of the capillary. 

4. The printing system of claim 1 wherein the printing device is of one-piece 
construction. 

25 

5. The printing system of claim 1 further comprising a register comprising a guide which 
contacts a registration portion of the printing device, distal to the attachment portion, and 
moves the tip relative to the substrate. 

30 6. The printing system of claim 1 . wherein the preservation device comprises a deterrent 
to evaporation of the liquid, wherein the deterrent is selected from the group consisting of a 
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hermetic barrier, a refrigerator, a humidifier and a h\ -groscopic agent. 

7. The printing system of claim 1 comprising a detachable ganged plurality of printing 
devices, each comprising a reservoir containing a unique agent and in fluid connection with 

5 the reservoir, a capillary having proximal and distal openings to ambient pressure and a 

printing tip comprising the distal opening and which prints the agent on the substrate, wherein 
the pod comprises a receptacle for reversibly attaching an attachment portion of the printing 
devices and the preservation device is within, containing or in contact with the printing 
devices and preserves the capability of the printing devices to print the agents on the substrate 
1 0 over long-term storage. 

8. A method for printing an agent on a substrate comprising the step of printing an agent 
with the printing system of claim L 

15 9. The method of claim 8, further comprising the step of decelerating the capillary to 
move the agent through the bore, out the tip and onto the substrate. 

10. The method of claim 8 further comprising the step of decelerating the capillary to 
move the agent through the bore, out the tip and onto the substrate, wherein the decelerating 

20 step is effected by tapping the tip onto the substrate. 

1 1 . The method of claim 8 further comprising the step of decelerating the capillary to 
move the agent through the bore, out the tip and onto the substrate, wherein the decelerating 
step moves a predetermined amount of the liquid through the bore, out the tip and onto the 

25 substrate. 

12. A printing system comprising a pod, a detachable ganged plurality of printing devices, 
a substrate and a positioner, wherein: 

the pod comprises a receptacle for reversibly attaching an attachment portion of the 
30 printing devices: 

each of the printing devices comprises a reservoir containing a liquid comprising a 
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unique ai:eni and m fluid connection wuh die reservoir, a capillar) c< >i npriM ml! an axial bok 
having proximal and dislai openings lo ambieni pressure and a priming up comprising the 
distal opening and which prints the agent on the substrate: and 
the positioner moves the pod relative 10 die substrate. 

5 

13. The printing system of claim 12. wherein the bore tapers toward the distal opening oi 
the tip. 

14. A printing system of claim 12 further comprising a motion resistor operative! v joined 
10 to the capillary and providing an incomplete resistance to motion of the capillary along its 

longitudinal axis, wherein the resistor is selected from a plurality of springs, an elastomeric 
membrane and the weight of the capillary. 

15. The printing system of claim 1 2 wherein the printing devices are of one-piece 
15 construction. 

16. The printing system of claim 12 further comprising a register comprising a guide 
which contacts a registration portion of each of the printing devices, distal to the attachment 
portion, and moves the tip relative to the substrate. 

20 

17. A method for printing an agent on a substrate comprising the step of printing an agent 
with the printing system of claim 12. 

18. The method of claim 17, further comprising the step of decelerating the capillary to 
25 move the agent through the bore, out the tip and onto the substrate. 

19. The method of claim 17 further comprising the step of decelerating the capillary to 
move the agent through the bore, out the tip and onto the substrate, wherein the decelerating 
step is effected by tapping the tip onto the substrate. 

30 

20. The method of claim 1 7 further comprising the step of decelerating the capillary to 
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nunc the aeent through the hove, out the up and onto the subslrale, wherein the deed-rat ing 
step moves a predetermined amount of the liquid through the bore, out the tip and on:« » the 
substrate. 

3 21. A printing system comprising a printing device comprising a wire bonding capillar) 
containing a liquid comprising a predetermined agent and comprising an axial bore having 
proximal and distal openings and a printing tip comprising the distal opening and which 
prints the agent. 

10 22. The printing system of claim 21, wherein the bore tapers toward the distal opening of 
the tip. 

23. The printing system of claim 2 1 , further comprising a motion resistor operatively 
joined to the capillary and providing an incomplete resistance to motion of the capillary along 

15 a longitudinal axis, wherein the resistor is selected from a plurality of springs and an 
elastomeric membrane. 

24. The printing system of claim 21 wherein the capillary is of one-piece construction. 

20 25. The printing system of claim 21 further comprising a pod, a positioner, a substrate and 
a register, wherein, 

the pod comprises a receptacle for reversibly attaching an attachment portion of the 
capillary; 

the positioner moves the pod relative to the substrate; and 
25 the register comprises a guide which contacts a registration portion of the capillary, 

distal to the attachment portion, and moves the tip relative to the substrate. 

26. The printing system of claim 21 wherein the proximal and distal openings are open to 
ambient pressure. 

30 

27. The printing system of claim 21 wherein the agent is a polynucleotide. 
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2S. The printing svstem of claim 2 1 comprising a ganged plurality oi wire bonding 
capillaries, each containing a liquid comprising a different agent and cninpri^n^: an ;i>aal h<»L 
having proximal and distal openings and a printing tip comprising the distal opening and 




29 



The printing system of claim 28 wherein the agent is a member of a chemical hbran 



30. A method for printing an agent on a substrate comprising the step of priming on a 
substrate an agent with the printing system of claim 2 1 . 

3 1 . The method of claim 30, further comprising the step of decelerating the capillary to 
move the agent through the bore, out the tip and onto the substrate. 

32. The method of claim 30 further comprising the step of decelerating the capillary to 
move the agent through the bore, out the tip and onto the substrate, wherein the decelerating 
step is effected by tapping the tip onto the substrate. 

33. The method of claim 30 further comprising the step of decelerating the capillary to 
move the agent through the bore, out the tip and onto the substrate, wherein the decelerating 
step moves a predetermined amount of the liquid through the bore, out the tip and onto the 



substrate. 



17 




11 leev ue fo^x 




^2 



^ ^ ~ n n ^ ^ 




4-* 



_ MsaO 





o 



o 



6/u 



I 




A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B01L3/02 

According to lnicmation.nl Patent Classification (IPC) or to Doth national r.inr,siiicalion and IPC 


B. FIELDS SEARCHED 


Minimum documentation searcnea ^ classification system loiioweci ijv classification svmoots! 

IPC 7 BOIL B41J 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 


C. DOCUM 


ENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 

Y 

Y 
Y 


W0 95 35505 A (UNIV LELAND STANFORD 
JUNIOR) 28 December 1995 (1995-12-28) 
cited in the application 
the whole document 

US 4 142 656 A (SMITH MICHAEL R ET AL) 

6 March 1979 (1979-03-06) 

column 4, line 33 - line 53; figures 4-7 

W0 89 10192 A (DAR0UGAR SOHRAB) 

2 November 1989 (1989-11-02) 

page 7, line 16 -page 11, line 18; figures 

US 4 441 532 A (HRUBESH CHARLES F) 
10 April 1984 (1984-04-10) 
the whole document 

-/- 


1-33 

1-33 
3, 14 
21 


| X 1 FLmner documents are listed in the continuation of box C. J( Patent faintly members are listed 


n annex. 


D Special categories of cited documents : 

"T" later document published after the international filing date 
"A" document defining the general state of the an which is not or t p ''? nty ? ,e and n °' ,n con "; ct w,,h ,he application but 
considered lo be of particular relevance Clted ,0 under ^and the principle or theory underlying the 

invention 

E earlier document but published on or after the international ,. v « m . t . ■ ■ - 

filing date * document of particular relevance; the claimed invention 

cannot be considered novel or cannot be considered to 
L document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone 
which is cited to establish the publication date of another .. v „ " rt , , „ , 1U , . . . 
citation or other special reason (as specified) Y document of particular relevance; the claimed invention 
, irv , . cannot be considered lo involve an inventive step when the 
U document refernng to an oral disclosure, use, exhibition or document is combined with one or more other such docu- 
other means ments, such combination being obvious to a person skilled 
"P" document published prior to the international filing dale but ,n tnfi art 

later than the priority date claimed "A" document member of the same patent family 


Date ot the actual completion ol the international search 

6 December 1999 


Date of mailing of thtj international stj.irch report 

13/12/1999 


Name and mailing address of the ISA 

European Patent Office. P.B. 5819 Patentlaan 2 
NL - 2280 HV Rijswijk 

Tel. (+31 -70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized otficer 

Meulemans, J-P 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 




PCI/US 20r>9> 



C.(Coniinuntion) DOCUMENTS CONSIDERED TO BE RELEVANT 






| '/O:.^" j;t cjoci im (j 1 , will) nunc.itiOMAvnt^re m>i >r<*\>n;i\i ■ . oi itn: it.'ir-'. ;ni; p.'if.^hv. 


: v.-'."..Hi- : ,- ,| :■■ 


A 


US 5 607 861 A ( KOMATSU AK1HIR0 ET AL ) 
4 March 1997 ( 1997-03-04) 
the whole document 


! 1 — C S — 9 r. 


A 


US 5 770 151 A (ROACH DAVID J ET AL) 
23 June 1998 (1998-06-23) 


i 1 


A 


US 5 763 278 A (BALMER JOHANNES KONRAD ET 
AL) 9 June 1998 (1998-06-09) 
the whole document 


9 



Form PCT/ISA/210 (oortlmuanon o( second sheet) (Juty 1992) 



page 2 of 2 



PCT/US 99/20692 



f '."Men; document 
cued in search rooon 


! \ibiication 




■n om 00 ' ( s ■ 




j Publication 


WU ytobbUb 


A 


28-12-1995 


US 


5807522 


A 


15-09-1998 








AT 


180570 


T 


15-06-1999 








AU 


709276 


B 


26-08-1999 








AU 


2862995 


A 


15-01-1996 i 








CA 


2192095 


A 


28-12-1995 








DE 


69509925 


D 


01-07-1999 








EP 


0804731 


A 


05-11-1997 








EP 


0913485 


A 


06-05-1999 








ES 


2134481 


T 


01-10-1999 








JP 


10503841 


T 


07-04-1998 


US 4142656 


A 


06-03-1979 


NONE 








WO 8910192 


A 


02-11-1989 


EP 


0438408 


A 


31-07-1991 








JP 


3505176 


T 


14-11-1991 


US 4441532 


A 


10-04-1984 


NONE 








US 5607861 


A 


04-03-1997 


JP 


7286944 


A 


31-10-1995 








Lr 


UO / / / HH 


A 

A 


1 Q 1 A 1 fiftC 

lo-lU-199b 


US 5770151 


A 


23-06-1998 


wo 


9746319 


A 


11-12-1997 


US 5763278 


A 


09-06-1998 


wo 

EP 


9716251 
0876219 


A 
A 


09-05-1997 
11-11-1998 



Forni PCT71SA/210 (pal en t family annex) (July 1992) 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPER A "HON TREATY (LOT 



(51) I nternational Patent Classification ; : 

BOIL 3/02 



Al 



(II) International Publication Number: 
(43) International Publication Date: 



WO 00/1 3 

16 M;:rcb 2000 t I ;' 



j (2!) International Application Number: PCT/ 1 /S99/20692 

| (22) International Filing Date: 9 September 199" (09.09.99) 



(30) Priority Data: 

09/ i 50,502 



9 September 1998 (09.09.98) US 



(71) Applicant: INCYTE PHARMACEUTICALS, INC. [US/USJ; 

3174 Porter Drive, Palo Alto, CA 94304 (US). 

(72) Inventors: SHALON, Tidhar, D.; Incyte Microarray, 6519 

Dumbarton Circle, Fremont, CA 94555 (US). MAURINO, 
Joseph, R.; Incyte Microarray, 6519 Dumbarton Circle, 
Fremont, CA 94555 (US). TITS WORTH, Loren, D.; Incyte 
Microarray, 6519 Dumbarton Circle, Fremont, CA 94555 
(US). BEVIRT, JoeBen; Incyte Pharmaceuticals, Inc., 3174 
Porter Drive, Palo Alto, CA 94304 (US). 

(74) Agent: OSMAN, Richard, Aron; Science & Technology Law 
Group, 75 Denise Drive, Hillsborough, CA 94010 (US). 



(SI) Designated States: AU, CA. JP. Lurc;; ; :;in patent u-'.T. BL 
CH. CY. DE. DK. ES, El. FR. OB. OK. IE. IT. Ll\ NIC 
NL. PT. si-:>. 



Published 

With international search report 



(54) Title: CAPILLARY PRINTING SYSTEMS 
(57) Abstract 



The invention provides 
printing systems and methods 
for depositing small volumes 
of liquid on solid substrates. 
These systems and methods are 
useful with a wide variety of 
liquids and substrates and offer 
a wide variety of applications, 
including the deposition of 
arrays of analytes. In particular 
embodiments, the systems 
comprise a preservation device, 
a detachable ganged plurality of 
printing devices, and/or a wire 
bonding capillary. 





17 — 7 v 



•(Referred to in PCT Gazette No 33/2000, Section II) 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT 



AL 


Albania 


KS 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


A mien i a 


FI 


1 -inland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Lux em bourg 


SN 


Senegal 


\U 


Australia 


CA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kiugdotn 


MC 


Monaco 


I'D 


Chad 


BA 


Bosnia anil Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


CH 


Greece 




Republic of Macedonia 


TR 


Turkey 


bg 


Bulgaria 


HU 


Hungary 


ML 


Mali 


rr 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BK 


Brazil 


IL 


Israel 


MK 


Mauritania 


UG 


Uganda 


BV 


Belarus 


IS 


Iceland 


MW 


Malawi 


LIS 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JF 


Japan 


NE 


Niger 


VN 


Viet Nam 


cg 


Congo 


KE 


Kenya 


NL 


Netherlands 


YD 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cdte dT voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KK 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Knzakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Curia 


RU 


Russian Federation 






l>F 


Germany 




Liechtenstein 


SI) 


Sudan 






I)K 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Hstonia 


LK 


Liberia 


■ SO 


Singapore 







o 



o 



Capillary I^rintina Systems 



INTRODUCTION 

10 Field of the Invention 

The invention is in the field of capillary printing systems and their fabrication. 



Background 

The accurate dispensing and deposition on a substrate of small volumes of liquid has 

15 been effected with a variety of printing instruments including micropipettes and injectors 

(see, e.g. US Pat Nos. 4,815,325; 5,601,980; 5,747,102), ink-jet printers (see, e.g. US Pat No 
5,338,688), and fountain-pen type contact-deposition capillaries (see, e.g. WO95/35505 and 
US Pat No. 5,770,151). In addition, a number of multiport liquid transfer and delivery 
apparatuses are commercially available (e.g. MICROLAB® DNA Workstation by Hamilton 

20 Co., Reno NV; HYDRA Microdispenser by Robbins Scientific. Sunnyvale CA: Microarray 
Printing System by Genometnx, The Woodlands. TX). While some of these instruments 
have been used to print ordered analytical or probe arrays, they offer various relative 
advantages and disadvantages, including differing print resolution, speed, cross- 
contamination control, probe tolerances, etc. For example, the cartridges utilized in ink-jet 

25 printers dispense a controlled volume of liquid by use of a pressure wave created within the 
cartridge and which results from a sharp temperature increase to the ink that can damage or 
sheer a molecularly fragile probe. Existing pipettors and contact deposition capillaries are 
better suited to printing fragile probes but require washings between different probe loadings 
and offer limited print resolution. The present invention provides improved printing systems 

30 particularly suited for printing high-density analytical arrays. 

SUMMARY OI ; THE INVENTION 
The invention provides printing systems and methods for depositing small volumes o 
liquid on solid substrates. These systems and methods are useful with a wide variety of 



liquids and substrates and oi ler a wide variety of applications, including the deposition of 
arrays oi analvtes. such as chemical and biochemical library arrays. 

In one embodiment, the invention provides a printing system comprising a pod. a 
detachable printing device, a substrate, a positioner and a preservation device, wherein ta) t li 
pod comprises a receptacle for reversibly attaching an attachment portion of the printing 
device; (b) the printing device comprises a reservoir containing a liquid comprising a 
predetermined agent and in fluid connection with the reservoir, a capillary' comprising an 
axial bore having proximal and distal openings to ambient pressure and a printing tip 
comprising the distal opening and which prints the agent on the substrate; (c) the positioner 
moves the pod relative to the substrate; and (d) the preservation device is within, containing 
or in contact with the printing device and preserves the capability of the printing device to 
print the agent on the substrate over long-term storage. Generally, the preservation device 
provides a deterrent to evaporation of the liquid, such as a hermetic barrier, a refrigerator, a 
humidifier, a hygroscopic agent, etc. The system may also comprise a detachable ganged 
plurality of such printing devices. 

In another embodiment, the invention provides a printing system comprising a pod, a 
detachable ganged plurality of printing devices, a substrate and a positioner, wherein (a) the 
pod comprises a receptacle for reversibly attaching an attachment portion of the printing 
devices; (b) each of the printing devices comprises a reservoir containing a unique agent and 
in fluid connection with the reservoir, a capillary comprising an axial bore having proximal 
and distal openings to ambient pressure and a printing tip comprising the distal opening and 
which prints the agent on the substrate; and (c) the positioner moves the pod relative to the 
substrate. 

In another embodiment, the invention provides a printing system comprising a wire 
bonding capillary containing a predetermined agent and comprising an axial bore having 
proximal and distal openings to ambient pressure and a printing tip comprising the distal 
opening and which prints the agent. And in a more particular embodiment, the invention 
provides a printing system comprising a ganged plurality of wire bonding capillaries, each 
containing a different agent and comprising an axial bore having proximal and distal 
openings to ambient pressure and a printing tip comprising the distal opening and which 
prints the agent. 
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A wide vanctv of more particular embodiment of these symcih.s are ui>ci- 
example, m one such embodiment, the capillary bore tapers toward the dislai oper. .:'.e Tie 
tip; in another, the svsiem further comprises a motion resistor operativcly joined u- ;r.-. 
capillary and providing an incomplete resistance to motion of the capillary along i> 
5 longitudinal axis, wherein the resistance may be provided by springs, an elastomer: c 

membrane, the weight of the capillary, etc.; in another, the printing device is oi' onc-p::.: 
construction; in another, the system further comprises a register comprising a guide \\ ;\.:h 
contacts a registration portion of the printing device, distal to the attachment portion. tt: 
moves the tip relative to the substrate; etc. 
10 The invention provides methods of making, using and storing the subject systems 

including methods for printing liquids comprising agents or analytes on substrates with the 
printing systems, particularly printing methods which comprise the step of decelerating the 
capillary to move the liquid through the bore, out the tip and onto the substrate, which 
method may be effected, for example, by tapping the tip onto the substrate. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a schematic of a printing head providing a ganged plurality of printing devices. 
Fig. 2 shows a schematic of a spring block motion resistor, a printing head and a registration 
plate. 

20 Fig. 3 shows a schematic of a single printing device in the context of spring block motion 
resistor, printing head and registration plate portions. 

Fig. 4 shows a schematic of a plurality of printing devices in the context of block motion 
resistor, elastomeric sheet and printing head portions. 

Fig. 5 shows a schematic of a single printing de vice in the context of foam plug spring block 
25 motion resistor and printing head portions. 

Fig. 6 shows a schematic of an inserted capillary printing device and a machined in printing 
device in the context of plunger-bearing spring block motion resistor and printing head 
portions. 

Fig, 7 shows a schematic of a printing head portion having compressable channel walls. 
30 Fig. 8 shows a schematic of a single-piece construction low density muln-chanel printing 
head. 



Fig. 0 show s a schematic of a single-piece construction high density multi-chane* rn; -,:: 
licad. 

Fig. 10 shows schematic of a registration plate and a printing head comprising a i .^pr joor 
preservation d e v i c e . 

5 Fig. 1 I shows schematic of a registration plate housing a printing head comprising a f. ppy 
door preservation device with the door opened. 

Fig. 12 shows a schematic of an open jewel box type preservation device housing a prating 
head. 

Fig. 13 shows a schematic of a closed caddy box type preservation device housing a printing 
10 head. 

Fig. 14 shows a schematic of an open caddy box type preservation device housing a printing 
head. 

Fig. 1 5 shows a schematic of a spring block and an open pop-out box type preservation 
device housing a printing head. 
15 Fig. 16 shows a schematic of a spring block depressing the printing head of an open pop-out 
box type preservation device. 

Fig. 17 shows a schematic of a open, passive loading, vaccum evacuation printing tip system. 
Fig. 18 shows a schematic of a valve-actuated, passive loading, vaccum evacuation, presure 
purging printing tip system. 
20 Fig. 19 shows a schematic of a valve-actuated, active loading, vaccum evacuation, presure 
purging printing tip system. 

Fig. 20 shows a schematic of a gravity or pressure loading, active purging printing tip system. 
Fig. 2 1 shows a schematic of a high-throughput a printing system. 

25 DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS OF THE INVENTION 
The following descriptions of particular embodiments and examples are offered by 
way of illustration and not by way of limitation. 

In a first aspect, the invention provides a printing system comprising a pod.a 
detachable printing device, a substrate, a positioner and a preservation device, wherein ta) the 
30 pod comprises a receptacle for reversibly attaching an attachment portion of the printing 
device; (b) the printing device comprises a reservoir containing a liquid comprising a 
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predetermined agent ami in iluui connection with the w*>cv\o\\\ a capillary conn >n>:ng an 
axial bore having proximal aiul distal openings lo ambient pressure aiul a priming up 
comprising the distal opening and w hich prints the agent on the substrate: tc> die positioner 
moves the pod relative to the substrate; and (d) the preservation device i> with;;-, containing 
5 or in contact with the printing device and preserves the capability of the printing device to 
print the agent on the substrate over long-term storage. This system is specifically adapted 
for long-term storage of the printing device and is amenable to a wide variety of suitable 
pods, detachable printing devices, substrates, positioners, preservation devices applications 
and more particular embodiments. 
10 Suitable pods include any structural member that transfers the positioning of the 

positioner to the printing device through a receptacle for reversibly attaching an attachment 
portion of the printing device. For example, the pod may simply be the terminus of a 
mechanical arm of the positioner with an engaging recess for receiving the proximal (distal 
from the tip) end of a capillary printing device. 
15 Suitable printing devices include any structural member which combines by fluid 

connection the requisite reservoir and capillary. For example, the printing device may simply 
be a capillary comprising a liquid-filled bore having a proximate reservoir portion and 
terminating at a distal portion comprising the printing tip. Alternatively, the reservoir may 
comprise a more voluminous non-capillary liquid filled chamber having a relatively larger 
20 internal diameter in fluid connection with a capillary comprising the printing tip. The 

reservoir portion of the printing device is adapted to contain and contains a liquid comprising 
a predetermined agent. The device may be made of any convenient and compatible material. 
For example, suitable capillary fabrication material ceramic, silicons, glasses, etc. The 
printing device is adapted or adaptable to contain, store and/or print a wide variety of liquids, 
25 including aqueous liquids, liquids comprising organic polar solvents such as alcohols, 
DMSO, acetonitrile, etc., nonpoiar solvents such benzene, chloroform, etc. 

Suitable substrates include any material providing a suitable printing surface, and 
include sheets of glasses, ceramics, plastics, metals, silicons, acetate, cellulose (paper), etc. 
The substrate may provide a homogeneous surface or a surface offering differential surface 
30 chemistry, topography, etc. For example, the surface may offer predetermined printing sites 
adapted to receiving, binding, reacting, containing and/or retaining the printing fluid. 
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Suitable positioners include any device which provides the requisite no>iiionii^- : iIk 
printing device to effect the desired printing sites on the substrate. Frequently, the po>:;:oner 
will provide a first positioning within the two-dimensional plane of the substrate surtax and 
a second positioning perpendicular to the surface to effect contact printing on the surface-. 
5 The positioner is generally electomechanicallv operated by a computer controlled robot. 

Generally, the preservation device of these systems provides a deterrent to evaporation 
of the liquid, such that printing can be interrupted for extended periods, such as days, 
preferably weeks, more preferably months and even years, and then resumed without 
reloading the printing device. In various embodiments, the systems suffer less than a 50%, 
10 preferably less than a 20%, more preferably less than a 5% degradation in printing capacity 
over the storage period, as measured by subsequent error or misprint frequency, fluid loss, 
etc., as compared with an otherwise comparable but uninterrupted system. A wide variety of 
suitable preservation devices may be used. In one example, the device comprises a hermetic 
barrier, such as a seal on the printing device or a container capable of receiving and housing 
15 the printing device, which provides a system that is relatively, preferably substantially, more 
preferably fully closed to the printing solvent liquid and vapor. These barrier or containment 
devices may also provide a solvent vapor distributor, such as an absorbent sponge wetted 
with the solvent of the printing fluid, within the closed system to further minimize 
evaporation. In another example, the device comprises a refrigerator to cool or preferably 
20 freeze the liquid in the capillary of the printing device. In yet another example, the device 

comprises a hygroscopic agent which is incorporated in the liquid in the capillary and reduces 
the volatility of the liquid. For example, where the solvent of the liquid is water, suitable 
agents include glycerol (e.g. 5 - 95%), salts, etc. 

The printing system is adaptable to virtually any application of small volume, high 
25 resolution liquid printing. For example, a wide variety of chemical and biochemical libraries 
may be deposited, including libraries derived from random or directed synthetic schemes, 
natural products including genetic material, etc. A particular application is the deposition of 
high density arrays of biochemical reagents or analytes such as polypeptides and 
polynucleotides (polymers of amino acids and nucleotides, preferably at least 5, more 
30 preferably at least 15, more preferably at least 50. more preferably at least 150 monomer units 
in length), e.g. for effecting solid phase, preferably high throughput solid phase immuno 
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assays and hvhridi/.ation assays. 

More particular embodiments of this system include systems wherein the dimeiv. <ns 
and composition of the priming device capillary bote interact with the fluid contained t:\-jieir. 
to maintain the fluid proximate to the distal opening of the capillary tip. For example, ir.v 
5 capillary bore may be tapered, preferably conically tapered toward the distal opening of t:\e 
tip. 

In another more particular embodiment, the system further comprises a motion 
resistor operatively joined to the capillary and providing an incomplete resistance to motion 
of the capillary along its longitudinal axis, wherein the resistance may be provided by springs. 
10 an elastomenc membrane, the weight of the capillar}', etc. Such a motion resistor is 
especially important to facilitate contact printing on relatively planar or flat surfaces, 
especially wherein the system comprises a plurality of printing devices which print in concert, 
wherein the resistor(s) permit simultaneous contact of the printing devices on the surface. 

In another more particular embodiment, the printing device is of one-piece 
15 construction and/or comprises a wire bonding capillary, described below. The system may 
also comprise a detachable ganged plurality of printing devices. 

In another more particular embodiment, the system further comprises a register 
comprising a guide which contacts a registration portion of the printing device, distal to the 
attachment portion, and moves the tip relative to the substrate; etc. A wide variety of 
20 registers are provided. A printing system comprising a register may further comprise first and 
second detachable printing capillaries comprising respective first and second probes, a pod 
comprising a receptacle for attaching one of the capillaries, a substrate upon which the 
capillaries deposit the probes, whereupon detachment of the first capillary and attachment of 
the second capillary after deposition of a first portion of a high density probe array by the first 
25 capillary on the substrate, the register is capable of positioning the second capillary at a 

sufficiently similar position relative to the substrate to permit deposition of a second portion 
of the array by the second capillary on the substrate. In this system, the capillaries and probes 
may be different or the same. 

In a second aspect, the invention provides a printing system comprising a pod. a 
30 detachable ganged plurality of printing devices, a substrate and a positioner, wherein (a) the 
pod comprises a receptacle for reversibly attaching an attachment portion of the printing 
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devices; (b) each of the priming devices comprises a reservoir containing a unique agent ..:-..] 
in fluid connection with the reservoir, a capillary comprising an axial bore having proxirr.. 
and distal openings to ambient pressure and a printing tip comprising die distal opening 
which prints the agent on the substrate; and (c) the positioner moves the pod relative to th- 
5 substrate. This system provides a wide variety of ways of ganging a plurality of printing 
devices. In one embodiment, the detachable ganged plurality comprises a block having 
receptacles or holes for and which laterally constrain each of the printing devices. 
Alternatively, a rigid or elastomeric band or clamp may be used to gang together the printing 
devices. In a preferred embodiment, these systems provide analyte-specific dedicated 
10 printing devices. 

In another embodiment of this aspect of the invention, a one-piece block fabricated 
from a single material element provides the detachable ganged plurality, increasing the 
precision, accuracy, repeatability, reliability, speed and permitted densities of spot deposition. 
Because it is made from a single material element this device is also easier and less expensive 
15 to construct and maintain. A wide variety of standard microlithography, micromachining 
and/or microfabrication methods known to those in the art may be used to construct these 
devices including injection molding, embossing, etching methods such as deep reaction ionic 
etching (DRIE), electric discharge machining (EDM), deposition, computer numerical control 
(CNC) milling, etc. Accordingly, the devices may be manufactured from a wide variety of 
20 materials depending on the selected manufacturing method, including plastics such as 
polycarbonate, polystyrene, polypropylene and PMMA; glasses and/or ceramics; 
semiconductor material such as silicon; and metals such as stainless steel. The devices may 
be constructed in a variety formats in terms of nozzle density, head size, reservoir size. etc. 
Print precision and accuracy are provided by precision engineering specifications including: 
25 nozzle surface (e.g. flatness) variation of less than 10, preferably less than 5, more preferably 
less than 2, more preferably less than 1 um across all the nozzle tips of a head and internozzle 
print volume and distance (center-to-center) variation of less than about 4, preferably less 
than about 2, more preferably less than 1, more preferably less than 0.5%. The nozzles may 
be spaced to provide direct loading from standard microtiter sample plates (e.g. 9 mm center- 
30 to-center) or at higher densities wherein the reservoirs may be loaded with conventional 

microvolume liquid handling devices. In a particular embodiment, the nozzles arc spaced to 
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correspond with the desired army density, avoiding the need lor oli->et printing. 

In a third aspect, the invention provides a priming system comprising a v. ire no;:_.:ig 
capillary containing a predetermined agent and comprising an axial bore having pro.\im_ and 
distal openings to ambient pressure and a printing tip comprising the distal opening and 
5 which prints the agent. Wire bonding capillaries are adapted from semiconductor 

manufacturing, where a wire bonding process is used to electrically connect metal bond rads 
formed on a semiconductor die to the leadfingers of a leadframe. In this process, a bond wire 
is threaded through a wire bonding capillary and the end of the wire protruding through the 
capillary tip is heated to a molten ball. The molten ball is then mechanically pressed by me 

10 bonding capillary against the heated bond pad to alloy the metallic elements of the wire and 
bond pad. The capillary is then moved to a bonding site on the designated leadfinger where 
the wire is pressed against the heated leadfinger to bond the wire, then tensioned and sheared. 
Wire bonding capillaries are well known in the semiconductor manufacturing art, are the 
subject of numerous publications and patents (see e.g. US Pat Nos. 3,894,671; 4,877,173; 

15 5,082,154; 5,558,270; 5,662,261) and are commercially available from a number of sources 
(e.g. Micro-Swiss of Kulicke & Soffa Industries, Inc., Willow Grove PA; Gaiser Tool 
Company, Ventura, CA; Small Precision Tools, Petaluma, CA, etc.) 

In a more particular embodiment, the invention provides a printing system comprising 
a ganged plurality of wire bonding capillaries, each containing a different agent and 

20 comprising an axial bore having proximal and distal openings to ambient pressure and a 
printing tip comprising the distal opening and which prints the agent. 

The invention provides methods of making, using and storing the subject systems 
including methods for printing liquids comprising agents or analytes on substrates with the 
printing systems, particularly printing methods which comprise the step of decelerating the 

25 capillary to move the liquid through the bore, out the tip and onto the substrate, which 
method may be effected, for example, by contact printing, e.g. tapping the tip onto the 
substrate. A wide variety of methods may be used for loading and/or unloading the printing 
devices, including passive capillary loading and unloading from the printing tip. vacuum- 
assisted unloading, active pressure purging, etc. Uninterrupted mult-head printing systems 

30 comprising 25 20x20 (400 nozzle) heads provide for offset printing 10.000 spot arrays on 
chip substrates at rates of at least 0.2 chips/sec preferably 1 chip/ sec. more preferably at 
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least 5 chips/sec. 

EXAMPLES 

Referring to Fig. 1 . a plurality of printing devices 1 1 arc shown housed in receptacle^ 
5 of a gang 12 comprising tabs 13 for attaching to a pod (not shown) of a printing system. 

Referring to Fig. 2, a plurality of printing devices 1 1 are shown housed in receptacles 
of a gang print head 12 comprising tabs 13. Above the print head 12 is a spring block 21 
retaining a plurality of vertical actuators 22. Below the print head 12 is a registration plate 23 
comprising a plurality of registration apertures 24. 

10 Referring to Fig. 3, a printing device 11 is shown housed in a receptacle of a portion 

of a print head 12. Above the portion of the print head 12 is a portion of a spring block 21 is 
shown retaining a vertical actuators 22 comprising a spring 31, a spring shaft 32 comprising a 
vent 33. Below the portion of the print head 12 is a portion of the registration plate 23 
comprising a registration aperture 24. 

15 Referring to Fig. 4, a plurality of printing devices 11 are shown housed in receptacles 

of a portion of a print head 12. Above the portion of the print head 12 is a spring and vent 
cavity block 41 and between the block 41 and the print head 12 is a punch vented latex spring 
sheet 42. 

Referring to Fig. 5, a printing device 11 is shown housed in a receptacle of a portion 
20 of a print head 12. Above the portion of the print head 12 is a portion of a spring and vent 
cavity block 41 is shown retaining a quick-recovery open cell foam spring/vent combination 
51. 

Referring to Fig. 6, an inserted capillary printing device 61 and a machined in printing 
device 62 are shown housed and formed, respectively, in receptacles of a portion of a print 
25 head 12, Above the portion of the print head 12 is a spring block 63. The spring block 63 
contains spring-loaded plungers 64, each comprising a spring 65, a flange 66 and a shaft 67. 
and positioned above the printing devices 61 and 62. 

Referring to Fig. 7, a plurality of machined in printing devices 62 are shown formed in 
receptacles of a portion of a print head 12, wherin the capillary portion 71 of the devices 62 
30 have compressible channel walls 72. 

Referring to Fig. 8, a single-piece construction low density (e.g. 64 tips/cnr ) multi- 
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chanel printing head St is shown in cross-section. The head SI comprises miction m >ided 
reservoirs S2 in fluid conneciion with the capillary bores S3 of molded print inj tip- S4 

Referrine to Fie. 9. a single-piece construction high density ic.j. 400 nns/cnv ■ multi- 
chanel printing head 91 is shown in cross-section. The head 91 comprises etched reservoir 
5 92 in fluid connection with the capillary bores 93 of etched printing tip- 94. 

Referring to Fig. 10, a print head 12 with an operatively affixed closed floppy door 
preservation device 101 is shown in approach toward a registration plate 102 comprising a 
plurality of printing tip registration apertures 103. 

Refenng to Fig. 1 1 , a print head 12 with an operatively affixed open floppy door 
10 preservation device 101 is shown in contact with a registration plate 102 comprising a 

plurality of printing tip registration apertures 103, wherein the open floppy door preservation 
device 101 is shown in a slide open orientation. In an alternative embodiment, the open 
floppy door preservation device 101 may be swung open. 

Referring to Fig. 12, an open jewel box type preservation device 121 containing a 
1 5 saturated foam pad 122 is shown housing a print head 12. 

Referring to Fig. 13, a closed caddy box type preservation device 131 containing a 
saturated foam pad 122 is shown housing a print head 12. 

Referring to Fig. 14, an open caddy box type preservation device 131 containing a 
saturated foam pad 122 is shown housing a print head 12. 
20 Referring to Fig. 15, a pop-out box type preservation device 151 containing a 

saturated foam pad is 122 shown in open position housing a print head 12. Above and 
approaching the print head 12 is shown a spring block 152. 

Referring to Fig. 16, a pop-out box type preservation device 151 containing a 
saturated foam pad is 122 shown in open position housing a print head 12. Above and 
25 depressing the print head 12 is shown a spring block 152. 

Referring to Fig. 17, a printing device 11 comprising a vent hole 171 is shown housed 
in a linear bearing receptacle of a portion of a print head 12. Below the portion of the print 
head 12 is a portion of a vacuum plate 172 comprising a vacuum aperture 173. 

Referring to Fig. 18, a printing device 11 is shown housed in a linear bearing 
30 receptacle of a portion of a print head 12. Below the portion of the print head !2 is a portion 
of a vacuum plate 172 comprising a vacuum aperture 173. In fluid connection with the 
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printing device 11 through tubing 181 is a valve three-way valve 1S2 akerna:ivciv eor.nectini: 
the device to atmospheric pressure, closure or pressurized nitrogen. 

Referring to Fig. 19, a printing device 11 is shown housed in a linear beannc 
receptacle of a portion of a print head 12. Below the portion of the print head 12 is a portion 
of a vacuum plate 172 comprising a vacuum aperture 173. In fluid connection with the 
printing device 11 through tubing 181 is are four two-way valves 191 parallel, alternatively 
connecting the device to closure or respectively, pressurized nitrogen, water, atmospheric 
pressure and vacuum. 

Referring to Fig. 20, a printing device 11 is shown in fluid connection through tubing 
181 with a sample reservoir 201. 

Referring to Fig. 21, a printing system 210 comprising a multihead printing assembly 
211 rotatably attached to a multichip turntable 212. The assemby 211 comprises a plurality 
of single-piece construction high density (400 tips/cm 2 ) multi-chanel detachable printing 
heads 91 joined to the assembly 211 through actuators 213 which provide positioning stages 
214 and L-brackets 215 for attaching the print heads 91. The turntable 212 provides chip 
recepticles 216 which position the chips 217 which provide a printing substrate. In operation, 
the actuators 213 simulateously stamp their respective printing heads 91 on the corresponding 
chips 217. Thereafter, the turntable 212 rotates one chip position and the necessary printing 
offset is effected by turntable 212 rotation, acutator 213 positioning, or both. As the printing 
on a given chip 217 is completed (e.g. a complete array is deposited), the chip 217 is removed 
from the turntable 212 and replaced with a new chip 217, thereby providing uninterrupted 
printing. 

All publications and patent applications cited in this specification are herein 
incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. Although the 
foregoing invention has been described in some detail by way of illustration and example for 
purposes of clarity of understanding, it will be readily apparent to those of ordinary skill in 
the art in light of the teachings of this invention that certain changes and modifications may 
be made thereto without departing from the spirit or scope of the appended claims. 
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WHAT IS CLAIMED IS: 

] . A printing; system comprising a pod. a detachable printing device, a >l;p-uv.'..\ 
positioner and a preservation device, wherein: 

ihe pod comprises a receptacle for reversibly attaching an attachment r >:i:; :; . : ;:ie 
5 printing device; 

the printing device comprises a reservoir containing a liquid comprising a 
predetermined agent and in fluid connection with the reservoir, a capillary comprising 
axial bore having proximal and distal openings to ambient pressure and a printing up 
comprising the distal opening and which prints the agent on the substrate; 
10 the positioner moves the pod relative to the substrate; and 

the preservation device is within, containing or in contact with the printing device and 
preserves the capability of the printing device to print the agent on the substrate over long- 
term storage. 

15 2. The printing system of claim 1, wherein the bore tapers toward the distal opening of 
the tip. 

3. The printing system of claim 1 further comprising a motion resistor operatively joined 
to the capillary and providing an incomplete resistance to motion of the capillary along its 

20 longitudinal axis, wherein the resistor is selected from a plurality of springs, an elastomenc 
membrane and the weight of the capillary. 

4. The printing system of claim 1 wherein the printing device is of one-piece 
construction. 

25 

5. The printing system of claim 1 further comprising a register comprising a guide which 
contacts a registration portion of the printing device, distal to the attachment portion, and 
moves the tip relative to the substrate. 

30 6. The printing system of claim 1, wherein the preservation device comprises a deterrent 
to evaporation of the liquid, wherein the deterrent is selected from the group consisting of a 
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hermetic barrier, a refrigerator, a humidifier and a hydroscopic age::; 

7. The printing system of claim 1 comprising a detachable ganged pluralK\ o:' pr - ;ng 
devices, each comprising a reservoir containing a unique agent and m fluid conne;:io:" ah 

5 the reservoir, a capillary having proximal and distal openings to ambient pressure anc ■ 

printing tip comprising the distal opening and which prints the agent on the substrate. ■ nereir. 
the pod comprises a receptacle for reversibly attaching an attachment portion of the pr.:.iing 
devices and the preservation device is within, containing or in contact with the priminz 
devices and preserves the capability of the printing devices to print the agents on the suostrate 
10 over long-term storage. 

8, A method for printing an agent on a substrate comprising the step of printing an agent 
with the printing system of claim 1 . 

15 9. The method of claim 8, further comprising the step of decelerating the capillary to 
move the agent through the bore, out the tip and onto the substrate. 

10. The method of claim 8 further comprising the step of decelerating the capillar} zo 
move the agent through the bore, out the tip and onto the substrate, wherein the decelerating 

20 step is effected by tapping the tip onto the substrate. 

1 1. The method of claim 8 further comprising the step of decelerating the capillar) to 
move the agent through the bore, out the tip and onto the substrate, wherein the decelerating 
step moves a predetermined amount of the liquid through the bore, out the tip and onto [he 

25 substrate. 

12. A printing system comprising a pod. a detachable ganged plurality of printing devices, 
a substrate and a positioner, wherein: 

the pod comprises a receptacle for reversibly attaching an attachment portion of the 
30 printing devices; 

each of the printing devices comprises a reservoir containing a liquid comprising a 
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unique agent and in fluid connection wnh ihe reservoir, a eapiiiary comprising an .:\;. 
having proximal and distal openings to ambient pressure and a printing up compr>m_- . 
distal opening and which prints the agent on the substrate; and 
the positioner moves the pod relative to the substrate. 

5 

13. The printing system of claim 12, wherein the bore tapers toward the distal one.-.-j of 
the tip. 

14. A printing system of claim 12 further comprising a motion resistor operativel v : ined 
10 to the capillary and providing an incomplete resistance to motion of the capillar)' along its 

longitudinal axis, wherein the resistor is selected from a plurality of springs, an elastomeric 
membrane and the weight of the capillary. 

15. The printing system of claim 12 wherein the printing devices are of one-piece 
15 construction. 

16. The printing system of claim 12 further comprising a register comprising a guice 
which contacts a registration portion of each of the printing devices, distal to the attachment 
portion, and moves the tip relative to the substrate. 

20 

17. A method for printing an agent on a substrate comprising the step of printing ai: agent 
with the printing system of claim 12. 

18. The method of claim 17, further comprising the step of decelerating the capillary to 
25 move the agent through the bore, out the tip and onto the substrate. 

19. The method of claim 17 further comprising the step of decelerating the capillary to 
move the agent through the bore, out the tip and onto the substrate, wherein the decelerating 
step is effected by tapping the tip onto the substrate. 

30 

20. The method of claim 17 further comprising the step of decelerating the capillary to 
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move the agent through i ho bore, out the up and onto the substrate, wherein the il.w.r.-y.mi; 
step moves a predetermined amount of the liquid through the bore, out the up and or." -he 
substrate. 

5 21. A printing system comprising a printing device comprising a wire bonding ca:.._ary 
containing a liquid comprising a predetermined agent and comprising an axial bore hi :ng 
proximal and distal openings and a printing tip comprising the distal opening and why.:. 
prints the agent. 

10 22. The printing system of claim 21, wherein the bore tapers toward the distal opening of 
the tip. 

23. The printing system of claim 21, further comprising a motion resistor operatively 
joined to the capillary and providing an incomplete resistance to motion of the capillary along 

15 a longitudinal axis, wherein the resistor is selected from a plurality of springs and an 
elastomeric membrane. 

24. The printing system of claim 21 wherein the capillary is of one-piece construction. 

20 25. The printing system of claim 21 further comprising a pod, a positioner, a substrate and 
a register, wherein, 

the pod comprises a receptacle for reversibly attaching an attachment portion o: the 
capillary; 

the positioner moves the pod relative to the substrate; and 
25 the register comprises a guide which contacts a registration portion of the capillary, 

distal to the attachment portion, and moves the tip relative to the substrate. 

26. The printing system of claim 21 wherein the proximal and distal openings are open to 
ambient pressure. 

30 

27. The printing system of claim 21 wherein the agent is a polynucleotide. 
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28. The print in i: svsicm of claim 21 comprising a ^an^cd plurality of wire boiK:in__ 
capillaries, each containing a liquid comprising a different agent and comprising an a-. >r 
having proximal and distal openings and a printing tip comprising the distal opening ^ 
which prints the agent. 

5 

29. The printing system of claim 28 wherein the agent is a member of a chemical l.-:.ir> 

30. A method for printing an agent on a substrate comprising the step of printing or. ~ 
substrate an agent with the printing system of claim 2 1 . 

10 

3 1 . The method of claim 30, further comprising the step of decelerating the capillar, to 
move the agent through the bore, out the tip and onto the substrate. 

32. The method of claim 30 further comprising the step of decelerating the capillary to 
15 move the agent through the bore, out the tip and onto the substrate, wherein the decelerating 

step is effected by tapping the tip onto the substrate. 

33. The method of claim 30 further comprising the step of decelerating the capillary to 
move the agent through the bore, out the tip and onto the substrate, wherein the decelerating 

20 step moves a predetermined amount of the liquid through the bore, out the tip and onto the 
substrate. 



o 



17 





SUBSTITUTE SHEET (RULE 26) 



3/9 




SUBSTITUTE SHEET (RULE 26) 





FIG. 9 



SUBSTITUTE SHEET (RULE 26) 



5/9 



VW 



V 



vv 



12 



V 



.101 



102 



103 



FIG. 10 



■y 



WWW 



1 - y- / 



7 

102 



103 



FIG. 11 




FIG. 12 



SUBSTITUTE SHEET (RULE 26) 



o 



o 



6/9 



12 c 



=1 



V V VV V V V 



\ 
\ 
\ 
\ 



131 



■ ^ ■ ■ -■ ^ • 



122 



FIG. 13 



r 



131 



12 



"VWWW 



122 



FIG. 14 



152 



nnnn 



11 

"VWWW" 



151 



-122 



152 



n nnn 



151 



FIG. 15 



WWW v 

FIG. 16 



122 



SUBSTITUTE SHEET (RULE 26) 



7/9 




SUBSTITUTE SHEET (RULE 26) 



9/9 




o 



o 



PCT/US 99/Z06t 



a classification of subject matter 
iPC 7 E01L3/02 



i-corn-ic 10 int'j-natio.nfil Patent ("lassiticaiion P^C) or to bom national classification mid IPC 



3. FIELDS SEARCHED 



Mtmrnj-v. documentation searched u't'issiticntion svstem toliowea bv classification swmnolS! 

IPC 7 BOIL B41J 



documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data uase consulted during the international search (name ol data base and. where practical searcn terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant \z aatm No. 


Y 

Y 
Y 
Y 


WO 95 35505 A (UNIV LELAND STANFORD 
JUNIOR) 28 December 1995 (1995-12-28) 
cited in the application 
the whole document 

US 4 142 656 A (SMITH MICHAEL R ET AL) 

6 March 1979 (1979-03-06) 

column 4, line 33 - line 53; figures 4-7 

WO 89 10192 A (DAROUGAR SOHRAB) 

2 November 1989 (1989-11-02) 

page 7, line 16 -page 11, line 18; figures 

US 4 441 532 A (HRUBESH CHARLES F) 
10 April 1984 (1984-04-10) 
the whole document 

-/— 


1-33 

1-33 
3,14 
21 


| X | Fljrther documents are listed in the continuation of box C. |)( j Patent family members are listed in annex. 


° Special categories of crted documents : 

"T" later document published after the international filing da;e 

•A" document defining the general state of the an wh.ch is not ° r t P ''° nly ^ ate in COnf, ! Ct wi ' h Ihe a PP'' c <f ion 

considered to be of particular relevance Cl,ed ,0 understa "d the principle or theory underlying the 
^ invention 
"E" eariier document but published on or after the international - v „ . . < . , .u . ^ ■ 

tilmq date document of particular relevance; the claimed invention 

cannot be considered novel or cannot be considered to 
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken atone 
which is cited to establish the publication aate of another , , . , , , ■ ^ ■ 
elation or other special reason (as specified) Y document ot particular relevance; the ctatmed .nvent.on 
„ cannot be considered to involve an inventive step when irn 1 
U document refernng to an oral disclosure, use. exhibition or document is combined with one or more other such dorn- 
other means ments. such combination being obvious to a porson skmoJ 
"P " document published prior to the international filing date but ,n ,ne ar1 

later than the pnonty date claimed document member of the same patent family 


i;ato ol the actual completion of the international search 

* 6 December 1999 


Date of mailing of the international search report 

13/12/1999 


Name and mailing address of the ISA 

Luropcan Patent Office. P.B. bOlB Patentlaan 2 
NL - 2280 HV Rijswifk 

lei. {01-70) 340-2040. Tx, 31 651 epo nf. 
Fax: (+31-70) 340-3016 


Authorized officer 

Meulemans, J-P 



Form PCT/lSAy210 (second shoel) (July 1992) 



page 1 of 2 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



A 

A 



Cil.ition ot aoGiirmjnt. with truncation. where nppropn.'ite, 01 :nc rreiev; 



nil t>n:;s;.i(jfj-.: 



US 5 607 861 A ( KOMATSU AKIHIRO ET AL ) 
4 March 1997 (1997-03-04) 
the whole document 

US 5 770 151 A (ROACH DAVID J ET AL) 
23 June 1998 (1998-06-23) 



US 5 763 278 A (BALMER JOHANNES K0NRAD 
AL) 9 June 1998 (1998-06-09) 
the whole document 



ET 



I /US 



Foim PCT/ISA£?10 (continuation of second sheet) (Jul/ 1992) 



page 2 of 2 



Patent document 
cited in searcn repoit 



iioniiaiioi! ^11 paicfii Knnny rucniueii 



Publication 
date 



Pater- : tamiiy 



wo 


-V *J —J w> \J %J 


A 


28-1 ?■ 


-1 QQt; 


1 K 

U O 


^ RD7^?? 

rOU / DC.C 


M 














AT 


180570 


T 














AU 


709276 


B 


/ n - ^ — 












A U 


2862995 


A 














CA 


2192095 


A 


23-U-;.^5 












nr 


Oy D\JyyL. O 


u 














EP 


0804731 


A 


05-11-'. .-97 












EP 


0913485 


A 


06-0 5-'. .-99 












ES 


2134481 


T 


01-10-1. -39 












JP 


10503841 


T 


07-04-: 938 


us 


4142656 


A 


06-03- 


-1979 


NONE 








wo 


8910192 


A 


02-11- 


1989 


EP 


0438408 


A 


31-07-1391 












JP 


3505176 


T 


14-11-1991 


us 


4441532 


A 


J. Is U4 




Nnwr 








us 


5607861 


A 


04-03- 


•1997 


jp 


7286944 


A 


31-10-1995 












EP 


0677744 


A 


18-10-1995 


us 


5770151 


A 


23-06- 


1998 


WO 


9746319 


A 


11-12-1997 


us 


5763278 


A 


09-06- 


1998 


WO 


9716251 


A 


09-05-1997 












EP 


0876219 


A 


11-11-1998 



Form PCT/1SA/21C (potent lamtly annex) (July 1992) 



— — ~ r *~ ~ r "VMS 

f . 



